In accordance with the requirements of PN EN 13201-5 standard for road lighting installation, energy performance indicators should be descripted. In order to calculate energy performance indicators, it is necessary to know the active power of the road lighting system. The above standard does not specify whether active power losses should be taken into account in calculations. The main purpose of the article is to estimate the active power losses in the road lighting installation. The article presents methods for calculating active power losses, taking into account losses in all main elements of the installation. The obtained calculation results show the relationship between active power losses and the power of luminaires, their number and spacing between poles. Calculations of active power losses were made for single-phase and three-phase installations. The active power losses in a three-phase system do not exceed 1.5% and in a single-phase installation they may be greater than 7%. Therefore, in order to obtain exact values of energy performance indicators (and also predict electricity consumption), active power losses should be taken into account in calculations. In addition, a comparative analysis of the effect of luminaires dimming and active power losses on annual CO 2 emissions was made. Not taking into account the active power losses in the calculation of the lighting installation's power, for single-phase installations in particular, understates the calculated value of CO 2 emissions by more than 6%.
Introduction
In each electrical installation, the losses of active power occur due to the current flowing through the components of the system with a certain resistance and reactance. The power losses are caused by the flow of active and reactive power in the wires and cables, in the protection devices, in the executing components (contacts), etc. [1] [2] [3] [4] . They cause, among others, a reduction in network bandwidth and warming up of wiring. Consequently, the active power losses will worsen the actual energy efficiency of the installation, because they are not included in the calculations. The practice of determining electrical power losses concerns the sum of the losses in the individual network elements [5, 6] . In order to obtain a more accurate determination of power losses, the physical phenomena occurring within a given network elements are taken into account. For some receivers, electricity power losses may significantly affect their efficiency, e.g., luminaires working in road lighting.
The losses of active power in a road lighting system depend on the complexity of the network, the number of circuits and the number of luminaires in the individual circuits, the power supply dimming used, the reactive power level in the network, etc. Reduction of active power losses in lighting networks can be achieved through the use of regulated devices [7, 8] and by reducing the reactive power in these networks [9] [10] [11] [12] . In this way, one takes into account the skin effect occurring in the conductor of the cable (wire) and its results [5] . The energy efficiency improvement of a lighting
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One of the coefficients for assessing the energy efficiency of a lighting installation, proposed by Sheet 5 of [19] , is the power density indicator D p . The D p indicator determines the electrical power that is needed to provide an adequate level of road illumination. It is calculated as the quotient of the active power P of the lighting installation and the sum of the products of the average illumination on the i-th and the horizontal planes of E i and the area of those planes A i according to the relation [19] :
The active power of the lighting system is calculated as the sum of the power of the lighting points P k and the power of other devices necessary to operate the lighting system P ad .
It seems that the active power losses in the power supply can be taken as a component of the P ad , as the power supply of the luminaires together with the safety devices and connectors is essential for the operation of the lighting system. It has therefore been found that the losses of active power in the light source installation may be relevant in determining the total active power P of the illumination using in Equations (1) and (2) .
This article presents a detailed analysis of the active power losses occurring in lighting installations with LED luminaires and individual power reduction systems. Two cases of power supply circuits were considered in actual installations: Three-phase and single-phase power supply. Most manufacturers of road lighting luminaires provide luminaire rated parameters for 100% dimming. Often, there is no information on the dimming characteristics of the luminous intensity dependence of the luminaire's power for different levels of reduction. Data concerning the change of important electrical parameters of the installation as a dimming function, such as the power factor (PF D and PF DD ) and the total harmonic distortion factor THD I [20] , active power losses, etc., are also not known. These characteristics are important in assessing energy efficiency and to ensure proper performance of the lighting system, which guarantees the assumed durability and functionality. In the article, the extent to which active power losses in the installation with road lighting luminaires with dimmable LED luminaires may affect the active power consumed for lighting.
Calculation Method of Active Power Losses in Road Lighting Installation
The lighting circuit consists of the following components: The power cable protection in the lighting panelboard, relay dimming by astronomical clock (or other dimming device), three-phase feeder wiring, the pole protection (placed in the pole post), the wire connecting the pole plate with luminaire, and the luminaire. Figure 1 shows, schematically, an example of a road lighting installation with the main components. Total power losses are included in the calculation of total power losses occurring in all the aforementioned components of the lighting circuit. The power losses in the neutral conductor of the cable (wire) for the three-phase power supply network was also taken into account. Losses in the neutral conductor are caused by the flow of higher zero sequence harmonic and their order is a multiple of three. The LED luminaire with a power supply device is a nonlinear element that generates disturbances to the supplying network (higher harmonics). Depending on the constructive solution, the THD I determining the value of these disorders is in the range from several to several dozen percent, which is confirmed by test results presented in [21] . For three-phase lighting, installation power losses in the feeder wiring can be determined from the relationship [4] : In the case of single-phase installation, the power losses can be determined by the following formula [4] . Power losses in the wire connecting the pole switchboard and luminaire are determined by the Equation (8) . The total power loss of the lighting installation ∆P TOTAL can be determined from the following relationship:
For three-phase lighting, installation power losses in the feeder wiring can be determined from the relationship [4] :
γ C S C n 2 l 01 + l l + n(n − 1)(2n − 1) 2 I Lum 2 .
In the case of single-phase installation, the power losses can be determined by the following formula [4] .
γ C S C n 2 l 01 l + n(n − 1)(2n − 1) 6 I Lum 2 .
Power losses in the neutral conductor of feeder wiring can be determined from the dependence [4] :
or
Power losses in the wire connecting the pole switchboard and luminaire are determined by the Equation (8) .
Power losses in protection in the lighting panelboard are determined by the following dependence:
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In case when the protection is realized by miniature circuit breaker (MCB):
Knowing the rated active power losses of the minimal circuit breaker ∆P MCB given for its rated current I MCB can be determined by the following formula:
If the fuse is used to protect the feeder wiring of the lighting system:
Resistance of fuse carrier can be determined from Equation (13) and resistance of fuse is calculated as (14) .
For protection in the pole the power losses are determined by below Equation (15) .
In the case when the protection is realized by miniature circuit breaker (MCB):
Knowing the rated active power losses of the miniature circuit breaker ∆P MCB given for its rated current IMCB can be determined by the following:
If the fuse is used to protect the wire of the luminaire, the resistance of protection device is calculated as sum of fuse carrier and fuse resistance by Equation (18) .
Resistance of fuse carrier is determined as:
Resistance of fuse is calculated by using of Equation (20) .
Power losses in relay are calculated by the below dependence.
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Based on knowledge of the rated active power losses of the relay ∆P RR given for its rated current I R the relay resistance is calculated by the Equation (22) .
The number of light points is equivalent to the number of columns, since it is assumed that the luminaires are mounted on columns individually. For the above Equations (3) to (22) , dependencies were used to calculate the active power losses in a three-phase system and single-phase road lighting.
Calculation Results of Active Power Losses in Road Lighting Installation
Characteristics of the Research Objects
In order to present the methods of calculation of power losses in the road lighting installation described in Section 3, calculations for three luminaires with adjustable luminous flux were made. Two dimming luminaires marked as LUM1 of rated power 32 W and LUM2 with a rated power of 85 W, an analogous dimming input in the scope of 1-10 V standard was used. The laboratory power supply was used as the source of the DC dimming voltage. The luminaire was powered using the Agilent 6834B power supply. Measurements of electrical and photometric parameters were made using the TOPAS 1000 electricity quality analyzer from LEM NORMA, the L-100 Luxmeter by SONOPAN and the Ulbricht sphere with a diameter of 2 m. The Agilent 6834B stabilized power supply enabled the luminaire to be supplied with uninterrupted sinusoidal voltage. The third luminaire marked LUM3 with a rated power of 140 W was equipped with a wireless power and luminous flux dimming system. The dimming was carried out using a program implemented on the server. The program enabled the dimming of the luminaire in the range from 10% to 100%, however, the power and luminous flux of the luminaire for particular dimming were not specified by the manufacturer. The measurements were taken for the entire dimming range, every 10%. The determination of dimming by means of percentages, as reported by the manufacturer, was adopted. This is also the most common way to describe dimming. The electrical and photometric parameters of the luminaires tested are presented in Tables 1-3 respectively.
The active power P of the luminaire marked LUM1 in the range of U C dimming voltages from 1 to 8 V is linear. In the range of U C from 8 to 10 V, the luminaire takes maximum power. The dependence of the current supplying of the luminaire from the dimming voltage is analogous to that for the active power (dependence is linear). Reactive power Q changes, within small limits, with the change of the dimming voltage U C . The next analyzed electric parameter was the total current harmonic distortion factor THD I . For U C dimming voltages with a value greater than 5 V, the THD I value of the current drawn from the network changes within small limits. In the range of the dimming voltage from 5 to 1 V, the value of THD I increases significantly from 13.907% for U C = 10 V to 38.007% for U C = 1 V. The reduction of the dimming causes a large change in the values of displacement power factor PF D and distorted power factor PF DD , as illustrated in Table 1 . In the range of dimming voltages from 1 to 8 V, the value of the luminous flux increases linearly until the value reaches 2736 lm. Increasing the U C voltage above 8 V does not change the luminous flux. As one can see, U C = 1 V corresponds to 19% of rated power and 14% of luminous flux. This is the lower limit of dimming. The luminaire efficiency η Lum calculated as the quotient of luminous flux and active power ranges from 84.238 lm/W to 62.510 lm/W. Table 2 presents the measured electrical and photometric parameters of the LUM2 luminaire with the rated active power equal to 85 W. For this luminaire, the parameters for the dimming voltage ranging from 2 to 10 V were measured. For the U C = 1 V voltage, the luminaire did not work stably, which was manifested by the unstabilized value of the luminous flux and the pulsation of the active power. Therefore, this point was omitted in the considerations. In the case of this luminaire, a linear dependence of active power, current and luminous flux on the dimming voltage was also found. The power supply used in this luminaire is equipped with a PFC (Power Factor Correction) system, which reduces the reactive power value along with the reduction of the dimming. This allows, practically, the constant value of displacement power factor PF D to be maintained. Decreasing the level of dimming causes the increase of the THD I value from the value of 13.319% to the value of 202.060%. This, in turn, reduces the value of distorted power factor value PF DD from 0.966 to 0.411. The luminous efficiency η Lum is in the range of 143.432 lm/W for U C = 10 V to 164.349 lm/W for U C = 2 V.
For luminaire marked LUM3, the active power of the luminaire varies linearly from 144.470 W (at 100% of dimming) to 27% of the starting power (at 10% of dimming). The reactive power of the luminaire varies much more slowly than the active power, reaching a minimum of about 79% of the initial value with a minimum of 10% dimming. Displacement power factor PF D of the luminaire decreases to 0.802, while the tgφ to the level of 40% retains the value of ≤0.4, then rapidly grows almost three times beyond the initial value. The distorted power factor value PF DD varies in the range of 0.759-0.955. The value of this coefficient depends on the THD I current and decreases with its increase. The luminous flux of the luminaire is almost two times lower than the dimming of the luminaire, reaching about 70% of the initial flux at 50% of its value. For the considered luminaire, the luminous efficiency η Lum decreases with the increase of dimming from the value of 117.885 lm/W to the value of 97.467 lm/W. Finally, the luminous efficiency decreases by over 17%. The calculations of active power losses were made for an exemplary three-phase road lighting system with different numbers of lighting points (luminaires) np consisting of 3 to 30 pieces. The number of light points was equivalent to the number of poles, since it is assumed that the luminaires are mounted on poles individually. The adopted length of feeder wiring between the luminaires was equal to 30 m. The distance of the first luminaire of the switchgear lighting adopted was also equal to 30 m. The installation was made of an aluminum cable with a cross section of 4 × 25 mm 2 and a conductivity of 34 (m/Ω·mm 2 ). It was assumed that the wire in the pole from the pole panelboard to the luminaire was a copper conductor with a cross-section of 1.5 mm 2 , 10 m in length and a conductivity of 56 (m/Ω·mm 2 ). For the assumed parameters of the lighting system, the active power losses were determined in feeder wiring, wires in the poles, in protection of lighting switchboard, protection in the poles, relay, in neutral conductor of feeder wiring and were caused by the flow of higher zero sequence harmonic and their orer is a multiple of three.
As a protection for the entire lighting circuit, a 25 A rated gG (gL) fuse with a three-phase fuse carrier with a rated current of 160 A was used. Readings from the manufacturer's catalogue of active power losses for the rated current were 12 and 2.4 W, respectively. It was assumed that the lighting circuit is switched on by a 25 A rating relay, whose power losses for the rated current were 7.9 W. Fuse type gG (gL) with rated current of 6 A with fuse carrier with rated current of 16 A was used as protection in the pole. Power losses for the rated current read from the manufacturer's catalogue were 1.7 W for the fuse and 3 W for the fuse carrier. The calculations were made for three luminaires without changing the parameters of the supply network. Calculations were made using the dependencies shown in Section 3 for the assumed dimming. Power losses of individual circuitry components were determined relative to the power of the Pkc circuit at a given dimming and to the total active power loss ∆P TOTAL . The power of the P kc lighting circuit is taken as the product of the number of light points n p and the power of the luminaire P lum at certain dimming. The tables containing the results of the calculations are given in Appendix A.
In Table A1 , there are results of calculations of active power losses for a road lighting installation composed of three LUM1 luminaires. Based on the analysis of the obtained calculation results, it can be concluded that the percentage of total active power losses ∆P TOTAL related to the installed power P kc decreases as the level of the dimming decreases from 0.013% to 0.009% for U C = 4 V. Then, these losses are increased to 0.016% for U C = 1 V. The increase in the value of ∆P TOTAL is related to the increase in the level of disturbances in the form of higher harmonics generated to the power supply network. This is illustrated in Table 1 , which lists the changes in the THD I coefficient. In turn, this results in an increase in power losses, especially in the neutral wire ∆P NEUTRAL . The maximum share of losses in the neutral conductor in ∆P TOTAL is 7.872% for U C = 2 V. It should also be noted that for a three-luminaire circuit, the losses in the cable connecting the pole panelboard and the ∆P WIRE luminaire are larger than the power losses in the power cable. Power losses in the ∆P PPOLE label range from 10.543% to 11.115%. Power losses in other elements of the installation do not exceed 2.5% in relation to ∆P TOTAL . It can therefore be assumed that the active power losses at the point of light (∆P WIRE + ∆P PPOLE ) are in the range from 56.015% for U C = 10 V to 53.131% for U C = 1 V. The sum of total losses ∆P CABLE + ∆P NEUTRAL + ∆P PPB + ∆P RELAY in the power cable, the protection from the panelboard, the relay and the neutral conductor are respectively 43.985% for U C = 10 V and 46.870% for U C = 1 V.
Based on the results of calculations obtained for a circuit composed of 30 LUM1 luminaires (Table A2) , it is concluded that the percentage of total active power losses ∆P TOTAL decreases from 0.293% for U C = 10 V to 0.204% for U C = 4 V. Then, they increase to 0.386% for U C = 1 V. Based on the analysis of the percentage share of power losses in individual elements of the road lighting installation, it is stated that the biggest share is in cable losses. They are respectively 91.294% for U C = 10 V and 78.193% for U C = 1 V. There is also a significant increase in active power losses in the neutral conductor for dimming voltages U C ≤3 V. As mentioned earlier, this is due to the increase in the content of higher harmonics of the luminaire currents, along with a reduction in the level of dimming. The maximum percentage value of ∆P NEUTRAL is over 21% with respect to ∆P TOTAL . Power losses in the other elements of road lighting installations are in the order of 1%. The dependence of the percentage of total active power losses ∆P TOTAL as a function of the dimming and the number of lighting points is shown in Figure 2 .
three-luminaire circuit, the losses in the cable connecting the pole panelboard and the ΔPWIRE luminaire are larger than the power losses in the power cable. Power losses in the ΔPPPOLE label range from 10.543% to 11.115%. Power losses in other elements of the installation do not exceed 2.5% in relation to ΔPTOTAL. It can therefore be assumed that the active power losses at the point of light (ΔPWIRE + ΔPPPOLE) are in the range from 56.015% for UC = 10 V to 53.131% for UC = 1 V. The sum of total losses ΔPCABLE + ΔPNEUTRAL + ΔPPPB + ΔPRELAY in the power cable, the protection from the panelboard, the relay and the neutral conductor are respectively 43.985% for UC = 10 V and 46.870% for UC = 1 V.
Based on the results of calculations obtained for a circuit composed of 30 LUM1 luminaires (Table A2) , it is concluded that the percentage of total active power losses ΔPTOTAL decreases from 0.293% for UC = 10 V to 0.204% for UC = 4 V. Then, they increase to 0.386% for UC = 1 V. Based on the analysis of the percentage share of power losses in individual elements of the road lighting installation, it is stated that the biggest share is in cable losses. They are respectively 91.294% for UC = 10 V and 78.193% for UC = 1 V. There is also a significant increase in active power losses in the neutral conductor for dimming voltages UC ≤3 V. As mentioned earlier, this is due to the increase in the content of higher harmonics of the luminaire currents, along with a reduction in the level of LUM2 is a frame with a different performance than LUM1, as illustrated in Figure 3 and the results of calculations are placed in Tables A3 and A4 (Appendix A). Due to higher rated power (equal to 85 W) compared to the LUM1 luminaire, higher values of active power losses can be expected. The total percentage of active power losses ΔPTOTAL for the circuit with three luminaires ranges from 0.030% to 0.043% for UC = 10 V and UC = 2 V, respectively. Additionally, in the case of this luminaire, an increase in the percentage values of ΔPTOTAL related to Pkc is observed, along with the reduction of dimming. The reason is also the increase in the higher harmonics of the current generated to the supply network by the luminaires, which is illustrated by the value of the THDI coefficient (Table 2) . Therefore, losses in the neutral conductor increase from 0.916% for UC = 10 V to the value of 22.102% for UC = 2 V. For a three-luminaire installation, power losses at the point of light LUM2 is a frame with a different performance than LUM1, as illustrated in Figure 3 and the results of calculations are placed in Tables A3 and A4 (Appendix A). Due to higher rated power (equal to 85 W) compared to the LUM1 luminaire, higher values of active power losses can be expected. The total percentage of active power losses ∆P TOTAL for the circuit with three luminaires ranges from 0.030% to 0.043% for U C = 10 V and U C = 2 V, respectively. Additionally, in the case of this luminaire, an increase in the percentage values of ∆P TOTAL related to P kc is observed, along with the reduction of dimming. The reason is also the increase in the higher harmonics of the current generated to the supply network by the luminaires, which is illustrated by the value of the THD I coefficient (Table 2) . Therefore, losses in the neutral conductor increase from 0.916% for U C = 10 V to the value of 22.102% for U C = 2 V. For a three-luminaire installation, power losses at the point of light (∆P WIRE + ∆P PPOLE ) are greater than the power losses in the cable, neutral conductor, protection in the lighting panelboard and contactor for dimming voltages from 10 to 3 V. The only exception is when the voltage U C = 2 V is given for the dimming input. Power losses at the point of light for U C = 10 V are equal to 56.221% and for U C = 2 V amounts to 44.20%. Total losses ∆P CABLE + ∆P NEUTRAL + ∆P PPB + ∆P RELAY are equal to 43.779% (for U C = 10 V) and 55.800% (for U C = 2 V), respectively. For a lighting installation composed of 30 LUM2 luminaires, the power losses in the power cable ∆P CABLE have a decisive influence on the value of active power losses. They are respectively for U C = 10 V ∆P CABLE = 92.336% and for U C = 2 V ∆P CABLE = 50.032%. Power losses in the neutral conductor for these dimming levels are 2.848% and 47.359% in relation to ∆P TOTAL . The total percentage power losses ∆P TOTAL are equal to 0.649% for U C = 10 V and 1.341% for U C = 2 V. Due to the large increase in the THD I coefficient for U C = 2 V, it can be assumed that the lower limit of dimming for this luminaire should be U C = 3 V. The power (luminous flux) adjustment of this luminaire can be made up to 100% to 30%.
are equal to 56.221% and for UC = 2 V amounts to 44.20%. Total losses ΔPCABLE + ΔPNEUTRAL + ΔPPPB + ΔPRELAY are equal to 43.779% (for UC = 10 V) and 55.800% (for UC = 2 V), respectively. For a lighting installation composed of 30 LUM2 luminaires, the power losses in the power cable ΔPCABLE have a decisive influence on the value of active power losses. They are respectively for UC = 10 V ΔPCABLE = 92.336% and for UC = 2 V ΔPCABLE = 50.032%. Power losses in the neutral conductor for these dimming levels are 2.848% and 47.359% in relation to ΔPTOTAL. The total percentage power losses ΔPTOTAL are equal to 0.649% for UC = 10 V and 1.341% for UC = 2 V. Due to the large increase in the THDI coefficient for UC = 2 V, it can be assumed that the lower limit of dimming for this luminaire should be UC = 3 V. The power (luminous flux) adjustment of this luminaire can be made up to 100% to 30%. The LUM3 luminaire is equipped with a digital dimming system in which the dimming levels were specified by the manufacturer. As indicated by the percentage measurements, the dimming values defined by the manufacturer do not correspond to the percentage changes in active power or luminous flux (Table 2) . It was assumed in our considerations that the drive levels implemented by the manufacturer will be used, not actual values. The actual dimming range is from 100% to 27% of active power or 100% to 33% of luminous flux. The level of dimming will be marked with the symbol D. The percentage of total active power losses ΔPTOTAL in the installation consisting of three LUM3 luminaires are within the range from 0.052% to 0.023% and they do not increase significantly with decreasing dimming level. The dependence of the percentage of total active power losses on the number of lighting points (luminaires) and LUM3 dimming for the luminaire is shown in Figure 4 . Losses at the point of light are greater in the entire dimming range than the total losses in other parts of the installation. The results of the calculations for the considered case are given in Table A5 (Appendix A). Losses at the point of light are 55.197% for D = 100% and 53.492% for D = 10%. The total percentage of active power losses in the cable, neutral conductor, protection in the lighting panelboard and relay are equal to 44.803% (D = 100%) and 46.508% (D = 10%). Additionally, in the case of this luminaire, the THDI of the current increases. This causes an increase in losses in the neutral conductor ΔPNEUTRAL from 0.701% to 3.769% for D = 100% and D = 10% respectively. For a circuit composed of 30 LUM3 luminaires there are similar relationships as for the previously discussed LUM1 and LUM2 luminaires. The results of calculations are presented in Table A6 in Appendix A.
The predominant loss component ΔPTOTAL is losses ΔPCABLE in the power cable. They are equal to 93.258% for D = 100% and 85.034% for D = 10%. Losses in the neutral conductor are in the range from 2.128% to 10.759% and increase with decreasing dimming. Percentage power losses in other elements The LUM3 luminaire is equipped with a digital dimming system in which the dimming levels were specified by the manufacturer. As indicated by the percentage measurements, the dimming values defined by the manufacturer do not correspond to the percentage changes in active power or luminous flux (Table 2) . It was assumed in our considerations that the drive levels implemented by the manufacturer will be used, not actual values. The actual dimming range is from 100% to 27% of active power or 100% to 33% of luminous flux. The level of dimming will be marked with the symbol D. The percentage of total active power losses ∆P TOTAL in the installation consisting of three LUM3 luminaires are within the range from 0.052% to 0.023% and they do not increase significantly with decreasing dimming level. The dependence of the percentage of total active power losses on the number of lighting points (luminaires) and LUM3 dimming for the luminaire is shown in Figure 4 . Losses at the point of light are greater in the entire dimming range than the total losses in other parts of the installation. The results of the calculations for the considered case are given in Table A5 (Appendix A). Losses at the point of light are 55.197% for D = 100% and 53.492% for D = 10%. The total percentage of active power losses in the cable, neutral conductor, protection in the lighting panelboard and relay are equal to 44.803% (D = 100%) and 46.508% (D = 10%). Additionally, in the case of this luminaire, the THD I of the current increases. This causes an increase in losses in the neutral conductor ∆P NEUTRAL from 0.701% to 3.769% for D = 100% and D = 10% respectively. For a circuit composed of 30 LUM3 luminaires there are similar relationships as for the previously discussed LUM1 and LUM2 luminaires. The results of calculations are presented in Table A6 in Appendix A. The predominant loss component ∆P TOTAL is losses ∆P CABLE in the power cable. They are equal to 93.258% for D = 100% and 85.034% for D = 10%. Losses in the neutral conductor are in the range from 2.128% to 10.759% and increase with decreasing dimming. Percentage power losses in other elements of the installation do not exceed 2%. The total percentage of active power loss ∆P TOTAL in an installation consisting of 30 LUM3 luminaires ranges from 0.546% for D = 10% to 1.168% for D = 100%. 
Active Power Losses Calculation Results of a Single-Phase Lighting System
Similar to the three-phase circuit, calculations for a single-phase lighting circuit were made. Similar assumptions were taken under consideration: Number of luminaires in the circuit from three to 30 pcs; length of aluminum cable 2 × 25 mm 2 between luminaires of 30 m; the distance of the first luminaire from the lighting switchboard 30 m; copper wire with a cross-section of 1.5 mm 2 and length of 10 m in the lighting pole. The gG (gL) fuse with a rated current of 25 A with a single-phase fuse carrier with rated current of 160 A was used as protection for the entire lighting circuit. Readings from the manufacturer's catalogue of active power losses for the rated current were 12 and 2.4 W, respectively. The lighting circuit is switched on by a 25 A rating relay, whose power dissipation ratings for the rated current were 7.9 W. Fuse type gG (gL) with rated current of 6 A with fuse carrier with rated current of 16 A were used as protection in the pole. Power losses for the rated current provided by the manufacturer were 1.7 W for the fuse and 3 W for the fuse carrier. Power losses were determined in the lighting circuit elements, analogous to the three-phase circuit: In the feeder wiring, in the wire in the poles, in the protection of the lighting switchboard, in the protection of the poles and in the relay on the lighting circuit. The active power losses in the individual circuit components were determined as relative to the Pkc circuit power at a given drive level and to the total power losses ΔPTOTAL. The power of the Pkc lighting circuit was taken as the product of the number of light points np and the power of the luminaire Plum at certain levels of dimming. The number of light points was the same as the number of lighting poles.
The results of calculations of active power losses for the three road lighting luminaires considered for the single-phase installation are given in Appendix B. By analyzing a single-phase road lighting system with three LUM1 luminaires, it can be observed that the percentages of power losses in individual devices do not depend on the dimming. Such dependence occurs for all variants of a single-phase installation under consideration. For installations with three LUM1 luminaires, the losses at points of light (ΔPWIRE + ΔPPPOLE) are equal to 46.153% and are smaller than the sum of the percentage losses of active power losses in other elements of the installation (ΔPCABLE + ΔPPPB + ΔPRELAY). They are equal to 53.846%. For this variant of the installation, the total power losses ΔPTOTAL related to the installed power of Pkc decrease from 0.049% for UC = 10 V to 0.034% for UC = 4 V and then increase to 0.055% for UC = 1 V. As one can see, the smallest losses do not occur for the smallest value of the dimming voltage. The total percentage power loss ΔPTOTAL for the installation consisting of 30 LUM1 luminaires decreases from the value of 1.644% for UC = 10 V to 1.161% for UC = 4 V. Then, they grow to 1.856% for UC = 1 V. The main losses in this case are losses in the power cable ΔPCABLE = 97.068%. Total losses in other devices do not exceed 3%. The results are shown in Tables B1 and B2 . Figure 5 shows the dependence of losses ΔPTOTAL in the function of the number of luminaires and the 
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The results of calculations of active power losses for the three road lighting luminaires considered for the single-phase installation are given in Appendix B. By analyzing a single-phase road lighting system with three LUM1 luminaires, it can be observed that the percentages of power losses in individual devices do not depend on the dimming. Such dependence occurs for all variants of a single-phase installation under consideration. For installations with three LUM1 luminaires, the losses at points of light (∆P WIRE + ∆P PPOLE ) are equal to 46.153% and are smaller than the sum of the percentage losses of active power losses in other elements of the installation (∆P CABLE + ∆P PPB + ∆P RELAY ). They are equal to 53.846%. For this variant of the installation, the total power losses ∆P TOTAL related to the installed power of P kc decrease from 0.049% for U C = 10 V to 0.034% for U C = 4 V and then increase to 0.055% for U C = 1 V. As one can see, the smallest losses do not occur for the smallest value of the dimming voltage. The total percentage power loss ∆P TOTAL for the installation consisting of 30 LUM1 luminaires decreases from the value of 1.644% for U C = 10 V to 1.161% for U C = 4 V. Then, they grow to 1.856% for U C = 1 V. The main losses in this case are losses in the power cable ∆P CABLE = 97.068%. Total losses in other devices do not exceed 3%. The results are shown in Tables A7 and A8. Figure 5 shows the dependence of losses ∆P TOTAL in the function of the number of luminaires and the dimming voltage (dimming). The dependence for the LUM2 luminaire is illustrated in Figure 6 . The total percentage of active power losses ∆P TOTAL related to the installed power for the circuit with three LUM2 luminaires is within 0.109% for U C = 10 V to 0.122% for U C = 1 V. The smallest value of these losses was obtained for U C = 3 V and they are equal to 0.041%. For an installation consisting of 30 LUM2 luminaires, the percentage losses ∆P TOTAL are equal to 3.689% for U C = 10 V and 4.130% for U C = 1 V. The smallest value of losses occurred for U C = 3 V, where ∆P TOTAL = 1.378%. For this luminaire, there is a similar dependence between losses at points of light, and losses in other devices of the lighting installation, as for the LUM1 luminaire. The power losses in the ∆P CABLE power cable are respectively 48.556% for installations with three luminaires and 97.068% for installations with 30 luminaires. The power losses ∆P WIRE in the wires connecting the pole switchboard and the luminaire are 36.995% and the losses in these wires are equal to ∆P PPOLE = 9.158%. In an installation with 30 LUM2 luminaires, these losses are equal to ∆P WIRE = 1.095% and ∆P PPOLE = 0.221% respectively. The results of calculations are presented in Tables A9 and A10 Figure 6 . The total percentage of active power losses ΔPTOTAL related to the installed power for the circuit with three LUM2 luminaires is within 0.109% for UC = 10 V to 0.122% for UC = 1 V. The smallest value of these losses was obtained for UC = 3 V and they are equal to 0.041%. For an installation consisting of 30 LUM2 luminaires, the percentage losses ΔPTOTAL are equal to 3.689% for UC = 10 V and 4.130% for UC = 1 V. The smallest value of losses occurred for UC = 3 V, where ΔPTOTAL = 1.378%. For this luminaire, there is a similar dependence between losses at points of light, and losses in other devices of the lighting installation, as for the LUM1 luminaire. The power losses in the ΔPCABLE power cable are respectively 48.556% for installations with three luminaires and 97.068% for installations with 30 luminaires. The power losses ΔPWIRE in the wires connecting the pole switchboard and the luminaire are 36.995% and the losses in these wires are equal to ΔPPPOLE = 9.158%. In an installation with 30 LUM2 luminaires, these losses are equal to ΔPWIRE = 1.095% and ΔPPPOLE = 0.221% respectively. The results of calculations are presented in Tables B3 and B4 in Appendix B. The LUM3 luminaire is the most powerful and has different dimming characteristics. Additionally, in the case of installations with three LUM3 luminaires, the power losses in the wires connecting the pole plate and the luminaire and the protection of these wires are ΔPWIRE = 36.112% and ΔPPPOLE = 8.940% respectively (Table B5) . Losses in the power cable equal ΔPCABLE = 49.962%. Thus, total losses at points of light are smaller than losses in the power cable. Total percentage of active power loss relative to the installed capacity of the dew increases from the value of 0.082% for D = 10% to 0.193% for D = 100%, for installations with three luminaires. In the case of an installation consisting of 30 LUM3 luminaires, these losses range from 2.850% for D = 10% to 6.689% for D = 100% (Table dimming voltage (dimming). The dependence for the LUM2 luminaire is illustrated in Figure 6 . The total percentage of active power losses ΔPTOTAL related to the installed power for the circuit with three LUM2 luminaires is within 0.109% for UC = 10 V to 0.122% for UC = 1 V. The smallest value of these losses was obtained for UC = 3 V and they are equal to 0.041%. For an installation consisting of 30 LUM2 luminaires, the percentage losses ΔPTOTAL are equal to 3.689% for UC = 10 V and 4.130% for UC = 1 V. The smallest value of losses occurred for UC = 3 V, where ΔPTOTAL = 1.378%. For this luminaire, there is a similar dependence between losses at points of light, and losses in other devices of the lighting installation, as for the LUM1 luminaire. The power losses in the ΔPCABLE power cable are respectively 48.556% for installations with three luminaires and 97.068% for installations with 30 luminaires. The power losses ΔPWIRE in the wires connecting the pole switchboard and the luminaire are 36.995% and the losses in these wires are equal to ΔPPPOLE = 9.158%. In an installation with 30 LUM2 luminaires, these losses are equal to ΔPWIRE = 1.095% and ΔPPPOLE = 0.221% respectively. The results of calculations are presented in Tables B3 and B4 in Appendix B. The LUM3 luminaire is the most powerful and has different dimming characteristics. Additionally, in the case of installations with three LUM3 luminaires, the power losses in the wires connecting the pole plate and the luminaire and the protection of these wires are ΔPWIRE = 36.112% and ΔPPPOLE = 8.940% respectively (Table B5) . Losses in the power cable equal ΔPCABLE = 49.962%. Thus, total losses at points of light are smaller than losses in the power cable. Total percentage of active power loss relative to the installed capacity of the dew increases from the value of 0.082% for D = 10% to 0.193% for D = 100%, for installations with three luminaires. In the case of an installation consisting of 30 LUM3 luminaires, these losses range from 2.850% for D = 10% to 6.689% for D = 100% ( Table   Figure 6 . Dependence of total active power losses ∆P TOTAL in relation to the dimming and the number of poles n p for LUM2.
The LUM3 luminaire is the most powerful and has different dimming characteristics. Additionally, in the case of installations with three LUM3 luminaires, the power losses in the wires connecting the pole plate and the luminaire and the protection of these wires are ∆P WIRE = 36.112% and ∆P PPOLE = 8.940% respectively (Table A11) . Losses in the power cable equal ∆P CABLE = 49.962%. Thus, total losses at points of light are smaller than losses in the power cable. Total percentage of active Sustainability 2018, 10, 4742 13 of 25 power loss relative to the installed capacity of the dew increases from the value of 0.082% for D = 10% to 0.193% for D = 100%, for installations with three luminaires. In the case of an installation consisting of 30 LUM3 luminaires, these losses range from 2.850% for D = 10% to 6.689% for D = 100% (Table A12) . The main losses are also losses in the power cable ∆P CABLE = 97.264%. Total power losses in other devices do not exceed 3%. The dependence of ∆P TOTAL as a function of the number of luminaires and dimming is shown in Figure 7 .
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Estimation of Active Power Losses for Different Distances between Poles
The calculations presented in previous sections are made for a given distance between the poles reaching to 30 m. In practice, these distances may be different. It was considered interesting to estimate the effect of the distance between poles on the total losses of active power in the lighting installation. The range of the distance between poles from lp = 30 m to lp = 45 m was examined. Based on the calculations it can be stated that the dependence of the total power losses in the road lighting system depends linearly on the spacing of the poles. Figures 8 and 9 show the dependence of the percentage of total active power losses ΔPTOTAL in the road lighting system as a function of the distance between the poles, respectively for installations with three and 30 LUM1 luminaires. For a three-phase circuit, UC = 10 V and a circuit with three luminaires, these losses increase from 0.013% for lp = 30 m to 0.016% for lp = 45 m. When the dimming voltage is reduced to 1 V, the losses are greater and range from 0.016% for lp = 30 m to 0.019% for lp = 45 m. In a circuit composed of 30 luminaires, the percentages of power losses ΔPTOTAL at UC = 10 V increase from 0.386% (lp = 30 m) to 0.571% (lp = 45 m). With full dimming of these luminaires, ΔPTOTAL = 0.296% for the distance between the poles equal to 30 m. Increasing the distance between poles up to 45 m results in an increase in losses to 0.432%. In a single-phase system with LUM1 luminaires, the power losses are greater than in a three-phase system. When operating with a minimum dimming (UC = 1 V) and for a circuit with three luminaires, they are equal to 0.055% (lp = 30 m) and increase with increasing distance lp = 45 m to 0.068%. With full dimming (UC = 10 V), ΔPTOTAL ranges from 0.049% at lp = 30 m to 0.060% at lp = 45 m. For installations with 30 LUM1 luminaires operating with UC = 1 V, the calculated power losses for lp = 30 m and lp = 45 m are equal to 1.856% and 2.757% respectively. In the case of work with a full luminous flux, these losses are equal to 1.644% for lp = 30 m and 2.442% for lp = 45 m. 
The calculations presented in previous sections are made for a given distance between the poles reaching to 30 m. In practice, these distances may be different. It was considered interesting to estimate the effect of the distance between poles on the total losses of active power in the lighting installation. The range of the distance between poles from l p = 30 m to l p = 45 m was examined. Based on the calculations it can be stated that the dependence of the total power losses in the road lighting system depends linearly on the spacing of the poles. Figures 8 and 9 show the dependence of the percentage of total active power losses ∆P TOTAL in the road lighting system as a function of the distance between the poles, respectively for installations with three and 30 LUM1 luminaires. For a three-phase circuit, U C = 10 V and a circuit with three luminaires, these losses increase from 0.013% for l p = 30 m to 0.016% for l p = 45 m. When the dimming voltage is reduced to 1 V, the losses are greater and range from 0.016% for l p = 30 m to 0.019% for l p = 45 m. In a circuit composed of 30 luminaires, the percentages of power losses ∆P TOTAL at U C = 10 V increase from 0.386% (l p = 30 m) to 0.571% (l p = 45 m). With full dimming of these luminaires, ∆P TOTAL = 0.296% for the distance between the poles equal to 30 m. Increasing the distance between poles up to 45 m results in an increase in losses to 0.432%. In a single-phase system with LUM1 luminaires, the power losses are greater than in a three-phase system. When operating with a minimum dimming (U C = 1 V) and for a circuit with three luminaires, they are equal to 0.055% (l p = 30 m) and increase with increasing distance l p = 45 m to 0.068%. With full dimming (U C = 10 V), ∆P TOTAL ranges from 0.049% at l p = 30 m to 0.060% at l p = 45 m. For installations with 30 LUM1 luminaires operating with U C = 1 V, the calculated power losses for l p = 30 m and l p = 45 m are equal to 1.856% and 2.757% respectively. In the case of work with a full luminous flux, these losses are equal to 1.644% for l p = 30 m and 2.442% for l p = 45 m. Considering the influence of changing the distance between columns for a lighting installation with LUM2 luminaires, similar dependencies are observed as for installations with LUM1 luminaires. With a dimming voltage equal to 2 V, the percentage of power losses ΔPTOTAL are higher than for the full-power luminaires (UC = 10 V). For a three-phase circuit with three luminaires, the power losses for this actuation range from 0.043% to 0.054% with the analyzed range of changes in the distance between the poles lp. After increasing the power of the luminaire to the maximum value (UC = 10 V), these losses are equal to 0.030% and 0.036% respectively. In a lighting installation with 30 LUM2 luminaires, the power losses ΔPTOTAL at UC = 2 V range from 1.341% to 1.994% for lp = 30 m and lp = 45 m. After increasing the power of luminaires (UC = 10 V), these losses for the analyzed range of changes lp are equal to 0.649% and 0.958%. In the case of a single-phase installation with three luminaires, the percentage losses ΔPTOTAL range from 0. Considering the influence of changing the distance between columns for a lighting installation with LUM2 luminaires, similar dependencies are observed as for installations with LUM1 luminaires. With a dimming voltage equal to 2 V, the percentage of power losses ΔPTOTAL are higher than for the full-power luminaires (UC = 10 V). For a three-phase circuit with three luminaires, the power losses for this actuation range from 0.043% to 0.054% with the analyzed range of changes in the distance between the poles lp. After increasing the power of the luminaire to the maximum value (UC = 10 V), these losses are equal to 0.030% and 0.036% respectively. In a lighting installation with 30 LUM2 luminaires, the power losses ΔPTOTAL at UC = 2 V range from 1.341% to 1.994% for lp = 30 m and lp = 45 m. After increasing the power of luminaires (UC = 10 V), these losses for the analyzed range of changes lp are equal to 0.649% and 0.958%. In the case of a single-phase installation with three luminaires, the percentage losses ΔPTOTAL range from 0. Considering the influence of changing the distance between columns for a lighting installation with LUM2 luminaires, similar dependencies are observed as for installations with LUM1 luminaires. With a dimming voltage equal to 2 V, the percentage of power losses ∆P TOTAL are higher than for the full-power luminaires (U C = 10 V). For a three-phase circuit with three luminaires, the power losses for this actuation range from 0.043% to 0.054% with the analyzed range of changes in the distance between the poles l p . After increasing the power of the luminaire to the maximum value (U C = 10 V), these losses are equal to 0.030% and 0.036% respectively. In a lighting installation with 30 LUM2 luminaires, the power losses ∆P TOTAL at U C = 2 V range from 1.341% to 1.994% for l p = 30 m and l p = 45 m. After increasing the power of luminaires (U C = 10 V), these losses for the analyzed range of changes l p are equal to 0.649% and 0.958%. In the case of a single-phase installation with three luminaires, the percentage losses ∆P TOTAL range from 0. The results of calculations of power losses for road lighting installations with three LUM3 luminaires as a function of distance between the poles are shown in Figure 12 . The smallest percentage of power losses ΔPTOTAL occur for the three-phase installations and dimming D = 10%. They amount to 0.023% for lp = 30 m and increase to 0.028% for lp = 45 m. After changing the dimming, when D = 100%, these losses are between 0.052% and 0.063%. Increasing the number of luminaires results, of course, in the increase of power losses. For installations with 30 luminaires and D = 10%, they are equal to 0.546% (lp = 30 m) and 0.807% (lp = 45 m). Increasing the power of luminaires (D = 100%) results in an increase in power loss to 1.168% and 1.724% respectively. The calculated values of power losses ΔPTOTAL in the single-phase installation are much higher than in the three-phase system. They are for D = 10% and installations with three LUM3 luminaires, respectively, for lp = 30 m ΔPTOTAL = 0.082% and for lp = 45 m ΔPTOTAL = 0.103%. After increasing the power of luminaires to 100% of power, power losses increase to 0.193% and 0.241%. In an installation with 30 LUM3 luminaires (Figure 13 ), the percentages of ΔPTOTAL for the D = 10% dimming range from 2.850% to 4.236% for lp = 30 m and 45 m respectively. As can be expected, the increase in the power of luminaires (D = 100%) caused the losses increase up to 6.689% and 9.942%. The results of calculations of power losses for road lighting installations with three LUM3 luminaires as a function of distance between the poles are shown in Figure 12 . The smallest percentage of power losses ∆P TOTAL occur for the three-phase installations and dimming D = 10%. They amount to 0.023% for l p = 30 m and increase to 0.028% for l p = 45 m. After changing the dimming, when D = 100%, these losses are between 0.052% and 0.063%. Increasing the number of luminaires results, of course, in the increase of power losses. For installations with 30 luminaires and D = 10%, they are equal to 0.546% (l p = 30 m) and 0.807% (l p = 45 m). Increasing the power of luminaires (D = 100%) results in an increase in power loss to 1.168% and 1.724% respectively. The calculated values of power losses ∆P TOTAL in the single-phase installation are much higher than in the three-phase system. They are for D = 10% and installations with three LUM3 luminaires, respectively, for l p = 30 m ∆P TOTAL = 0.082% and for l p = 45 m ∆P TOTAL = 0.103%. After increasing the power of luminaires to 100% of power, power losses increase to 0.193% and 0.241%. In an installation with 30 LUM3 luminaires (Figure 13 ), the percentages of ∆P TOTAL for the D = 10% dimming range from 2.850% to 4.236% for l p = 30 m and 45 m respectively. As can be expected, the increase in the power of luminaires (D = 100%) caused the losses increase up to 6.689% and 9.942%. Summarizing the results of the calculations, it can be concluded that the dependence of active power losses on the distance between the poles, i.e., the length of the lighting circuit, is linear. For LUM1 and LUM2 luminaires, due to the increase in the value of generated higher harmonics current to the power network, the percentages of power losses are greater at the lowest possible dimming.
Analysis of the Effect of Luminaire Dimming and Active Power Losses on CO2 Emissions
In the Polish reality, electricity is generated mainly in thermal power plants fired with hard coal or lignite. The production of electricity is inherently associated with the emission of greenhouse gases, primarily CO2. The amount of CO2 emissions to the atmosphere depends on the amount of consumed electricity. In Poland, the guidelines contained in [22] are used to calculate CO2 emissions. The generation of 1 kWh of energy is accompanied by the emission of 0.781 kg of CO2. The analysis of the effect of dimming and active power losses on the level of CO2 emitted was made for road lighting installations with 30 luminaires, respectively LED1, LED2 and LED2. The results of the calculations are presented in Table 4 . The calculations were made without taking into account active power losses in energy bill (E Z CO2), for the case of three-phase (E 3P CO2) and single-phase (E 1P CO2) installation, taking into account the power losses. The CO2 emission was determined for luminaires with full luminous flux and for the installation working in accordance with the assumed schedule. A Summarizing the results of the calculations, it can be concluded that the dependence of active power losses on the distance between the poles, i.e., the length of the lighting circuit, is linear. For LUM1 and LUM2 luminaires, due to the increase in the value of generated higher harmonics current to the power network, the percentages of power losses are greater at the lowest possible dimming.
In the Polish reality, electricity is generated mainly in thermal power plants fired with hard coal or lignite. The production of electricity is inherently associated with the emission of greenhouse gases, primarily CO2. The amount of CO2 emissions to the atmosphere depends on the amount of consumed electricity. In Poland, the guidelines contained in [22] are used to calculate CO2 emissions. The generation of 1 kWh of energy is accompanied by the emission of 0.781 kg of CO2. The analysis of the effect of dimming and active power losses on the level of CO2 emitted was made for road lighting installations with 30 luminaires, respectively LED1, LED2 and LED2. The results of the calculations are presented in Table 4 . The calculations were made without taking into account active power losses in energy bill (E Z CO2), for the case of three-phase (E 3P CO2) and single-phase (E 1P CO2) installation, taking into account the power losses. The CO2 emission was determined for luminaires with full luminous flux and for the installation working in accordance with the assumed schedule. A graphical presentation of this schedule is shown in Figure 14 . The times of switching on (ton) and off Summarizing the results of the calculations, it can be concluded that the dependence of active power losses on the distance between the poles, i.e., the length of the lighting circuit, is linear. For LUM1 and LUM2 luminaires, due to the increase in the value of generated higher harmonics current to the power network, the percentages of power losses are greater at the lowest possible dimming.
Analysis of the Effect of Luminaire Dimming and Active Power Losses on CO 2 Emissions
In the Polish reality, electricity is generated mainly in thermal power plants fired with hard coal or lignite. The production of electricity is inherently associated with the emission of greenhouse gases, primarily CO 2 . The amount of CO 2 emissions to the atmosphere depends on the amount of consumed electricity. In Poland, the guidelines contained in [22] are used to calculate CO 2 emissions. The generation of 1 kWh of energy is accompanied by the emission of 0.781 kg of CO 2 . The analysis of the effect of dimming and active power losses on the level of CO 2 emitted was made for road lighting installations with 30 luminaires, respectively LED1, LED2 and LED2. The results of the calculations are presented in Table 4 . The calculations were made without taking into account active power losses in energy bill (E Z CO 2 ), for the case of three-phase (E 3P CO 2 ) and single-phase (E 1P CO 2 ) installation, taking into account the power losses. The CO 2 emission was determined for luminaires with full luminous flux and for the installation working in accordance with the assumed schedule.
A graphical presentation of this schedule is shown in Figure 14 . The times of switching on (t on ) and off (t off ) the luminaires were determined using astronomical tables of sunrises and sunsets for Poland. For simplicity, the mean values of these times were assumed for months. Based on these calculations, the annual lighting time of luminaires equals 3950 h. It was assumed that between hours 23 and 4, the luminaires may glow with a reduced value of luminous flux. D 1 means the first level of dimming equals 100% and D 2 is the second level. Calculations were made for whole available range of dimming for all considered luminaires.
For installations with luminaires with the lowest power of 32 W (LUM3), the value of CO 2 emissions changes from 3.006 tons for variant-without dimming to 1.889 tons for dimming variant 1. For this case, the impact of active power losses on the CO 2 emissions can be neglected. For installations with LUM2 luminaires, the value of CO 2 emissions changes from 7.750 tons for without dimming variant to 4.895 tons for dimming variant 1. Analyzing the obtained results, it can be concluded that not taking into account active power losses causes underestimated emissions by several percent. For a three-phase system and without dimming variant, this underestimate is 0.05 tons and for a single-phase installation is 0.27 tons, respectively. The amount of CO 2 emissions for road lighting installations with LUM3 luminaires varies from 13.370 tons for without dimming variant to 8.854 tons for dimming variant 1. The underestimation of CO 2 emissions due to the omission of power losses for the considered installation may exceed 1% for a three-phase and 7% for a single-phase installation. 
Discussion
In the preceding Sections the dependences which describe the losses of active power in the elements of the lighting network were depicted. For the specific configuration of the lighting circuit, power losses calculations were performed, and the losses dependence of the system parameters was analyzed. The analysis included the individual sources of losses irrespective of their share of the overall balance. Assumptions for this type of calculation in engineering practice can be ascribed initially to the accuracy (underestimation of up to 10%) and then selected for further analysis based merely on the components of the losses that are dominant. In this way, the calculation is simplified while preserving their accuracy. It has been assumed that the following factors have a decisive influence on the network losses: Level of luminaries dimming, network configuration (single or three phases) and number of light points.
With this assumption, total losses in the lighting system, as defined by the Equation (3), can be expressed as:
Based on the calculations, it is assumed (Sections 3 and 4) that the total losses from the single-phase and three-phase systems are virtually linear. The concept of a reduction coefficient k red , as the ratio of the power losses at the drive level to losses at full power was introduced as:
When the dimming characteristics of the luminaries are known (the relation of the active power of the luminaire to the degree of dimming), the reduction factor k red is the coefficient of slope of the dimming characteristic. The dependence of active power losses on the number of light points can be referred to two cases: One if the number of light points is ≤ 3 and second if the number of light points is >3. Total power losses for the three-phase network can be estimated from Equations (25) and (26).
In the case of single-phase networks, respectively:
The main components of active power losses are losses in the feeder wiring and in the wires in the pole. Power losses in the rest of the circuit are of lesser importance, but with low levels of dimming, and fewer luminaires, can have a significant impact. In the single-phase installations, the losses of active power are several times higher than in a three-phase installation, which can achieve values that, in the general balance of losses, are not to be ignored. On this basis, you can look for potential ways to reduce losses and thus improve the energy efficiency of the installation. The first stage of the design of a lighting installation is always a well-designed lighting project. Errors can be caused by the form of incorrect selection of lighting installation elements, for example -improper selection of luminaires are source of losses in the form of unjustified oversizing of installation elements or illumination of irrelevant areas. In this situation, even the best design and installation will not ensure the expected energy efficiency.
When calculating the electricity consumption of road lighting installations, power losses are usually neglected. As shown in this paper, this may cause a decrease in the value of CO 2 emitted to the atmosphere by up to 7%. The same will also be the underestimation of electricity consumption, which in turn affects the economic efficiency (investment return time). If a single installation is considered, the effect of omitting active power losses seems to be inconsiderable. By overseeing such an analysis, for example for the entire city, the omission of power losses will underestimate the CO 2 emissions calculated, even in tens of tons. In the opinion of the authors, power losses should be included in the calculations of energy efficiency and greenhouse gas emission levels. In particular, this applies to single-phase installations.
Conclusions
Active power losses occur at every electrical installation. The paper presents a detailed analysis of active power losses for the three-phase and single-phase road lighting systems. It describes a general dependence whereby total losses of active power can be determined, taking into account a certain number of luminaires and the level of dimming. These dependencies can be helpful in the design of road lighting installations and in calculating the energy efficiency of lighting installations. Typically, such projects are executed as multivariate, and the presented methods allow the right choice. The investment costs for the three-phase installation will always be higher than for the single-phase. Therefore, the selection of the installation (single-or three-phase) should be based on technical assumptions and economic analysis. 
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List of Variables
D P
power density indicator, (W/lx·m 2 ) P LS power of the lighting system used to illuminate a specific area, (W) E i average illumination density on the i-th surface of the specific area, (lx) A i the i-th area of the specific area that is illuminated by the lighting system, (m 2 ) n the number of surfaces to be illuminated in particular area 
Appendix B
Calculation results of single-phase road lighting installation. Table A9 . Relative percent of losses of active power in the lighting circuit elements referred to total losses ∆P TOTAL and the share of total losses ∆P TOTAL in active power per circuit for three luminaires of LUM2. 
